The expansion of ageing population has gained much public attention on the importance of healthy and successful ageing, which is absence of major chronic diseases, preserved [OR: 0.93, 95% CI: 0,99, p < 0.05] dan 15% [OR 0.85, 95% CI: 0,95, p < 0.01] 
Perkembangan populasi penuaan telah menimbulkan banyak perhatian orang ramai terhadap kepentingan penuaan sihat dan berjaya, iaitu ketiadaan penyakit kronik utama, fungsi fisiologi dan kognitif dipelihara serta penglibatan aktif dalam kehidupan. Kajian terdahulu mendapati bahawa terdapat hubungan yang signifikan antara kecergasan fizikal dengan fungsi kognitif. Walau bagaimanapun, hubungan antara kecergasan fizikal dengan kumpulan penuaan kognitif berjaya dan tidak berjaya adalah sangat terhad. Kajian ini bertujuan untuk mengenal pasti komponen kecergasan fizikal signifikan yang menyumbang kepada penurunan risiko fungsi kognitif yang diwakili sebagai kumpulan penuaan kognitif yang berbeza. Seramai 300 warga tua berasaskan komuniti yang berumur 60 tahun ke atas dari negeri Selangor, Perak dan Kelantan telah direkrut dengan menggunakan kaedah pensampelan rawak berbilang tingkat dalam kajian hirisan lintang ini. Fungsi kognitif subjek dikategorikan kepada tiga kumpulan, iaitu Kecelaan Kognitif Ringan (MCI) (n = 100), Penuaan Biasa (UA) (n = 100) dan Penuaan Berjaya (SA) (n = 100) berdasarkan kriteria yang ditetapkan. Ujian Kecergasan Warga Emas termasuk
. Normal ageing can be further categorized into usual ageing (UA) and successful ageing (SA) (Rowe and khan 1965) . Successful ageing can be defined as absence of major chronic diseases (high blood pressure, diabetes, cancer, chronic lung disease, congestive heart failure and stroke), preserved psychocognitive and physical functioning (Hamid et al. 2012 ). Mild cognitive Impairment (MCI) is known to be the intermediate stage between ageing and dementia. Older adults with MCI have higher risk in developing dementia (Burns & Zaudig 2002) .
Physical and cognitive functions are indicators of both normal ageing and functional decline occurred gradually with increasing of age. Older adults often accompanied with weak muscle strength, poor memory and delayed in solving cognitive tasks when compared to younger adults (Clouston et al. 2013) . Abnormal physical and cognitive decline may occur in some individuals and these lead to loss of functional independence, decreased quality of life and increased the risk of frailty and falls (Cooper et al. 2011; Studenski et al. 2011; Tomey & Sowers 2009 ).
Older adults with better movement, balance, muscle strength and aerobic fitness have better cognitive function (Blankevoort et al. 2013; Volker & Scherder 2014) . Poor physical function among older adults accelerated the rate of cognitive decline as well as increased the risk of dementia (Sattler et al. 2011) . Previous study reported that poor cognitive performance could be predicted by physical fitness among Malaysian older adults (Won et al. 2014) . Therefore, physical fitness is important in preserving the physical and cognitive functions among older adults. However, there is a lack of evidence on association between physical fitness with successful ageing and the risk of getting cognitive impairment that represented by different ageing groups. Thus, this study is aimed to compare the functional fitness between different ageing groups and determine their associations with successful ageing as well as the risk of mild cognitive impairment.
EXPERIMENTAL METHODS STUDY DESIGN, SUBJECTS AND SAMPLING
A total of 300 older adults aged 60 years and above consisted 186 males and 114 females were involved in this cross-sectional comparative study. The sample size was calculated using G*Power (Faul et al. 2007 ) software with medium effect size (f) at 0.20 and while the power (1 -β) is 0.80. Subjects with MCI (n = 100) were randomly drawn from a larger community-based longitudinal study reported earlier (Shahar et al. 2015) . With age-and gendermatched, subjects with UA (n= 100) and SA (n = 100) were drawn from the same cohort. This study was approved by the Research Ethics Committee with reference number UKM 1.5.3.5/244/NN-060-2013 and informed consent was obtained from all the subjects.
COGNITIVE AGEING GROUPS CLASSIFICATION
The details of cognitive ageing groups classification protocol have been previously published (Shahar et al. 2015) . Briefly it was done based on multidimensional domains included physical function, subjective and objective memory impairments, psychocognitive functioning, major diseases, health status and quality of life by using pretested questionnaires.
PHYSICAL FITNESS ASSESSMENTS
Senior Fitness Tests (SFT) was introduced by Jones and Rikli (2002) to evaluate the physical fitness among older adults, included cardiorespiratory fitness, upper and lower body muscular strength, flexibility, dynamic balance and agility:
1. 2-minutes step was used to assess cardiorespiratory fitness, 2. Handgrip strength was measured by digital hand dynamometer (Jamar® Plus+, Patternson Medical, Illinois, USA) to assess upper body muscular strength, 3. Lower body muscular strength was assessed using chair stand test, 4. The lower body flexibility was assessed using chair sit-and-reach test, 5. 8 foot up-and go was used to assess agility and balance, 6. Back scratch was used to assess upper body flexibility. 7. All the detailed protocols have been described and published (Shahar et al. 2015) .
STATISTICAL ANALYSIS
The statistical analysis of this study was carried out using Statistical Package for Social Science (SPSS) version 22. Table 1 summarizes the socio-demographic characteristics of the 300 subjects. The mean age of subjects was 68.04 ± 5.56 year-old, and there was no significant difference between ageing groups (p > 0.05). Majority of the subjects in this study were Malays (61.3%), followed by Chinese (35.7%) and only 3.0% were Indians. Ethnic also had no significant difference in this study (p > 0.05). A total of 67.7% subjects received education less than 6 years and only 32.3% received education more than 6 years, and it showed a significant difference between ageing groups (p < 0.001). No significant difference was found in smoking habit among subjects in the three ageing groups. Table 3 shows bivariate correlation analysis of the associations between physical fitness and global cognitive function as assessed using Mini Mental State Examination (MMSE). 2-minutes step (r = 0.32), handgrip strength (r = 0.26) and chair stand (r = 0.29) were positively associated with MMSE (p < 0.001). A better performance in the 8 foot up-and-go (r = -0.27; p < 0.001) and back scratch (r = -0.17; p < 0.01) tests represented by shorter distance was also found significantly associated with higher MMSE scores. Although significant associations were observed, however the output of association are rather weak. Chair sit-and-reach test had no significant association with global cognitive function (p > 0.05). Table 4 shows the significant physical fitness determinants of cognitive impairment through multivariate analysis. Fitness parameters that were significant in the univariate analysis were included in multivariate logistic regression model with forward entry method to determine the level of importance of each predictor variables. After controlled for age, gender, education years and smoking status, the present study found that older adults with higher upper and lower body muscular strength have reduction of 7 % for MCI 
DISCUSSION
In this cross-sectional comparative study, older adults with successful ageing (SA) had better cardiorespiratory fitness, lower and upper body muscular strength, upper body flexibility, agility and balance compared to the older adults with usual ageing (UA) and mild cognitive impairment (MCI). According to the study conducted by Lin et al. (2016) , older adults in SA group also performed better in handgrip strength and timed up-and-go test than those in non-SA group. This indicated that older adults with better muscular strength, agility and dynamic balance performance exhibit higher physical functioning and independence in performing daily living activities; therefore they are more able to achieve SA. In addition, chair sit-and-reach test also had no significant difference between SA group and non-SA group. The possible reason is that joint motion is closely related with physical functioning than flexibility. Poor flexibility may not represent limited joint motion, but it rather affects the physical functioning and independence. Study conducted by Lee et al. (2016) to evaluate the relationship between SFT and cognitive function also reported that upper body flexibility as assessed using back scratch test and agility as assessed using 8 foot up-and-go were better among older adults without MCI compared to those with MCI. Fujiwara et al. (2013) also revealed that higher grip strength was observed among subjects with normal cognition as compared to subjects with MCI. Similar to the study conducted by Lin et al. (2016) , this finding implicated that higher grip strength contributed into better functional independence of older adults and they are more favourable to normal cognitive function.
The present study findings are also consistent with earlier research conducted by Han and Kang (2015) in which the muscular strength and endurance, flexibility, agility and cardiorespiratory fitness were significantly associated with MMSE score. MMSE score had been reported significantly higher in highest quartile of handgrip strength than lowest quartile in the study conducted by Jang and Kim (2015) . Ahn and Kang (2015) also revealed that agility as assessed using 8-foot up-and-go could act as a predictive factor of global cognitive function. The multivariate logistic model found that higher muscular strength in upper and lower body could reduce the risk of cognitive impairment. Previous study conducted by Lin et al. (2016) showed evidence that individuals with moderate or high fitness level were less likely to have MCI as compared to those with low physical fitness level. Fujiwara et al. (2013) reported that weak handgrip strength was positively associated with increased risk of MCI. Lin et al. (2016) also reported that handgrip strength and agility were positively associated with successful ageing.
Similar with cross-sectional studies, prospective studies also shows significant relationships between poor physical fitness with cognitive impairment. According to the study conducted by Boyle et al. (2009) , increased muscular strength was associated with decreased rate in cognitive impairment. In addition, muscular strength was also associated with reduced risk in MCI among community dwelling older adults. A four years follow-up longitudinal study carried out by Auyeung et al. (2011) also showed that poor performance in handgrip strength and chair-stand test was positively associated with cognitive impairment among older adults. Subjects in lowest quartile of grip strength also had significant cognitive impairment than those in highest quartile in the study conducted by AlfaroAcha et al. (2006) .
A few studies that have been discussed above involved the determination of MCI based on MMSE (Jang & Kim 2015; Lee et al. 2016) and MoCa (Fujiwara et al. 2013) assessments only. However, none of the above-mentioned studies defined the MCI based on Peterson criteria (2014). Besides, only one research studied the association between physical fitness and successful ageing (Lin et al. 2016) , and it is largely comparable with the present study. In addition, only a few studies applied the complete SFT (Han & Kang 2015; Lee et al. 2016; Lin et al. 2016) , and most of the studies using handgrip strength as one of the potential markers of cognitive function deterioration. Senior Fitness Tests (SFT) was chosen because it is convenient to carry out in community setting (Lin et al. 2016 ) and handgrip strength is often used to represent the muscular strength of whole body (Jang & Kim 2015) . Assessment of functional fitness through a variety of physical fitness test has higher validity and reliability than self-reported physical activity. Physical fitness tests could be used to assess physical function decline (Goldman et al. 2014) and it is also suggested that the measurement of physical fitness enables early detection of decline in physical function among older adults (Reuben et al. 2004 ).
Ageing process not only involved decline in cognitive function, but also physical function. Considering the nature of cross-sectional study, however, it remains unclear whether the measurement of muscle strength or other physical function is a strong predictor for the deterioration of cognitive function or vice versa (Taekema et al. 2010) . Therefore, additional research is warranted to study the mechanism of physical and cognitive functions such as Motoric Risk Cognitive (MCR) syndrome in more detailed for the purpose of promoting healthy and successful ageing among older adults.
CONCLUSION
In this study we found that higher physical fitness especially lower muscular strength could reduce the risk of cognitive impairment and older adults were more likely to have successful ageing. Therefore, it is necessary to incorporate the physical fitness components especially muscular strength in daily physical activities in order to promote healthy and successful ageing among elderly population.
